on the on the pro-apoptotic effects of HIPK2 in various cell lines [7, 8] raised the possibility that it may play a role in regulating neuronal apoptosis during development. To determine if HIPK2 is expressed in experimentally tractable populations of neurons, we used competi- 
indicate that HIPK2 is capable of bringing about the death of developing, neurotrophin-dependent sensory and sympathetic neurons.
HIPK2 Kills Neurons by a Caspase-Dependent, Bax-Dependent Mechanism
We began investigating the mechanism by which HIPK2 overexpression promotes neuronal death by determining whether it depends on caspases, the proteases that dismantle the cell in programmed cell death. Because of the pronounced effect of HIPK2 overexpression on trigeminal neurons, we focused on these neurons. Figure  3 shows that the pancaspase inhibitor Z-VAD-FMK largely prevented HIPK2-induced death of trigeminal neurons: there was no significant difference in the number of Z-VAD-FMK-treated HIPK2-overexpressing neurons and control-injected neurons by 48 hr, and by 96 hr only 27% of the HIPK2-overexpressing neurons had died in Z-VAD-FMK-treated, cultures compared with untreated neurons. These results indicate that HIPK2-induced neuronal death is a caspase-dependent process.
Because members of the Bcl-2 family are key regulators of caspase activation [3], we investigated whether manipulating the expression of pro-apoptotic and antiapoptotic members of this family could rescue trigeminal neurons from HIPK2-induced cell death. Among the proapoptotic Bcl-2 proteins, Bax plays a key role in for HIPK2-induced cell death. Figure 3 shows that Baxdeleted neurons were almost completely protected from HIPK2-induced neuronal death, indicating HIPK2-induced of neurons at both time points. Similar decreases were observed in BDNF-supplemented nodose neurons and apoptosis requires Bax. Anti-apoptotic members of the Bcl-2 family prevent NGF-supplemented SCG neurons (approximately 18% reduction relative to control-injected neurons at 48 hr apoptosis in part by dimerizing with and inhibiting the function of pro-apoptotic members of this family. Overand between 55% and 64% reduction at 96 hr). However, HIPK2 overexpression was most effective in promoting expression of the anti-apoptotic proteins such as Bcl-2 and Bcl-W in developing sensory and sympathetic neuthe death of trigeminal neurons; 73% were already dead by 48 hr, and 94% were dead by 96 hr. These results rons can rescue a substantial number after neurotrophin 
Endogenous HIPK2 Facilitates Apoptosis Conclusions We have identified HIPK2 as an important participant of NGF-Deprived Neurons
The demonstration that overexpression of HIPK2 causes in programmed cell death in the developing peripheral nervous system. HIPK2 is expressed in sensory and Bax-dependent apoptosis in neurons grown with NGF raised the possibility that HIPK2 normally plays a role sympathetic neurons during the stage of programmed cell death in vivo. Overexpression of HIPK2 kills these in programmed cell death in the developing nervous system. To investigate this possibility directly, we inneurons by a caspase-dependent mechanism in the presence of neurotrophins, and knockdown of endogejected antisense HIPK2 oligonucleotides into cultured neurons to reduce expression of endogenous HIPK2 nous HIPK2 inhibits apoptosis after neurotrophin withdrawal in vitro. These findings suggest that HIPK2 plays protein and see if this would prevent neuronal death after NGF deprivation. In these experiments, sympathetic and a role in bringing about apoptosis in neurons that fail to obtain an adequate supply of neurotrophic factors trigeminal neurons were grown with NGF overnight and injected the following morning with antisense HIPK2 or in vivo. HIPK2 has previously been implicated in regulating apoptosis in various cell lines by several different a control oligonucleotide and subsequently grown with- The forward primers for HIPK2 and GAPDH were 5Ј-TGGTCAAGTG
